












































João Pedro Curado de Sousa 
 
 
[Nome completo do autor] 
 
 
[Nome completo do autor] 
 
 




[Nome completo do autor] 
 
 
[Nome completo do autor] 
 
 
[Nome completo do autor] 
 
 
[Nome completo do autor] 
 
 

























Digital Games’ Development Model 
 
 
[Título da Tese] 
 
Dissertação para a obtenção do Grau de Mestre em  
Engenharia Eletrotécnica e de Computadores 
Orientador: Doutor Tiago Oliveira Machado de Figueiredo  





Presidente: Doutor João Francisco Alves Martins; Professor 
Auxiliar, FCT-UNL 
  




Vogais: Doutor Tiago Oliveira Machado de Figueiredo 

























Digital Games’ Development Model 
Copyright © João Pedro Curado de Sousa, Faculdade de Ciências e Tecnologia, 
Universidade Nova de Lisboa. 
A Faculdade de Ciências e Tecnologia e a Universidade Nova de Lisboa têm o 
direito, perpétuo e sem limites geográficos, de arquivar e publicar esta disserta-
ção através de exemplares impressos reproduzidos em papel ou de forma digi-
tal, ou por qualquer outro meio conhecido ou que venha a ser inventado, e de a 
divulgar através de repositórios científicos e de admitir a sua cópia e distribui-
ção com objectivos educacionais ou de investigação, não comerciais, desde que 







Firstly, I would like to thank my family for all the support and for never 
giving up on me throughout all my academic life. To my girlfriend, for the pa-
tience and all the lost days motivating me to do even better. 
Secondly, to the Universidade Nova de Lisboa and to the Faculdade de 
Ciências e Tecnologia, for taking me in and allowing me to study and grow as 
an individual. 
Thirdly, to my colleagues Pedro Leandro from the “Falar Pelos Cotovelos” 
game and Leonardo Espada from the “Bê-à-Bá” game for allowing me to study 
the results and accompany the progress throughout the development of the 
games. 
Lastly, to Professor Tiago a huge appreciation, due to the patience, the op-
portunity given and open-mindset displayed during the creation and develop-







Nowadays technology follows us everywhere. However, and although 
always present, sometimes technology slips by unnoticed.  
One field that could make better use of technology is the field of social 
causes, namely the care and aid of individuals with disabilities. Currently, the 
main drivers of this cause are dedicated people, doctors, professors, etc., who 
spare some of their time to aid and take care of this individuals but generally 
don’t master most of the modern technologies. 
As such the initiative, Social Tech Booster was created, with the purpose 
of boosting the use of information systems and/or digital games whose sole ob-
jective is aiding individual with disabilities. This initiative is fueled by students 
on later stages of their master degree, whose final thesis, takes the form of one 
of these systems/games. Since then, multiple systems and games have been de-
veloped, mostly digital games with mixed results, through methods that change 
from student to student, due to the lack of a more viable methodology. 
As such, in this document a new methodology to successfully develop 
digital games, capable of dealing with the difficulties linked to social causes, is 
presented. This methodology makes use of several proven development re-
sources to insure the main beneficiaries are the individuals with disabilities, 
that will feel an improvement in their quality of life. 







A tecnologia, nos dias de hoje acompanha-nos para qualquer lugar. Con-
tudo e apesar de sempre presente, por vezes a tecnologia passa despercebida. 
Uma das áreas onde a tecnologia podia ser mais proveitosa são as causas soci-
ais, principalmente no auxílio a indivíduos com deficiências. Atualmente, os 
principais intervenientes nesta causa, são pessoas dedicadas, médicos, professo-
res, etc., que dedicam parte do seu tempo ao auxilio destes indivíduos e geral-
mente dispõem um conhecimento limitado das novas tecnologias.  
Como resultado nasceu a iniciativa Social Tech Booster, com o objetivo 
de impulsionar o uso de sistemas de informação e/ou jogos digitais que pro-
movam o desenvolvimento de indivíduos com deficiências, alimentada por 
alunos em final de curso, que realizam as suas teses de mestrado sob a forma de 
um projeto. Desde então, têm sido desenvolvidos vários projetos, a maioria jo-
gos digitais com resultados mistos, através de metodologias que variam de alu-
no para aluno, devido à escassez de uma metodologia mais viável e capaz. 
Como tal, neste documento é apresentada uma metodologia para desen-
volver jogos digitais, capaz de lidar com as dificuldades inerentes às causas so-
ciais. Esta metodologia recorre a diversos elementos de desenvolvimento com 
provas dadas para garantir que os principais beneficiários são indivíduos com 
deficiências que irão ver uma melhoria na sua qualidade de vida. 
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Technology rules over everyday life. Anywhere we go we are surrounded 
by technology of every shape and sizes. Each piece of technology usually has 
underlaying software, created to satisfy our needs and whims, so that we bene-
fit the most out of it. 
However, despite being surrounded by technology, we aren’t always 
aware of its possibilities. As such, there are some fields, where technology is 
used but underestimated and dismissed. One example are the social causes, in 
which either by lack of involvement of the software creators or technology 
companies, or by lack of incentives, technology is often disregarded and seen as 
a complication. Nowadays, the treatments and aids provided to individuals 
with disabilities are given by dedicated people, doctors, psychologists, etc…, 
whose time is dedicated to the cause. The resources available to this kind of 
people are limited and consequently the treatments and aid that they are able to 
give are often very traditional, limited and short. Yet, almost every single one of 
us has access to a smartphone capable of running a multitude of applications 
(apps), which could focus on social causes as these, and like such improve the 
quality of life of countless individuals with disabilities.  
As a first approach to minimize and tackle this situation, the Social Tech 
Booster (STB) initiative was created, with the purpose of boosting the usage of 
technology in social causes. This initiative aim is to conceive information sys-





ties, to help in their development and growth. Social Tech Booster is nourished 
by Tiago Cardoso and undergraduate students in their last year, that embrace 
this cause and develop their master thesis under the form of one game or in-
formation system[1], [2]. In figure 1.1, the STB vision is presented. It makes use 
of institutions with social focus to deliver and gather projects, which are then 
handed to students to develop and deliver a product. After these students 
graduate, some are hired to continue within the STB initiative, to finally market 
the product in a wider scale. 
 
Figure 1.1 – Social Tech Booster's Vision[2] 
Throughout the life of this initiative many have been the games and sys-
tems developed, some with glimpses of success and others not so lucky. Over-
all, the impact has been positive but still can be improved upon, further increas-
ing the benefits reaped by the individuals.  
Presently, the methodology that supports the development of the projects 
has changed from student to student, year to year, with some proved success 
but as opportunities and expectations rise this becomes less tenable. The need 
for a method capable of supporting the development of these projects, that in-
sures some degree of success in a systematic way, is clear. Most of these projects 
are digital games, and for this reason, a good model of developing digital 
games should be adopted.  
The Digital Games Industry has been growing at an alarming pace, over 
the last few years, surpassing most expectations. According to the latest data 
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from Entertainment Software Association (ESA), an association composed and 
formed by multiple famous game developers, like Ubisoft and EA among oth-
ers, in April 2016, 63% of United States’ homes had a regular gamer, who plays 
at least 3 hours per week. The ESA also claims that in 2015, the digital games 
industry had a revenue of twenty three and a half billion dollars[3]. Although 
the data looks great and appealing, digital games and gamification are not a sci-
entific area with plenty of research, it is rather ignored and overlooked. For this 
reason, there’s a huge shortage in information and studies related to this topic 
and obviously explains the absence of models or methods that support the de-
velopment of digital games.  
Nevertheless, there’s one field subject of extensive study and research, 
very similar to the field of digital games and gamification, the field of software 
development. Software can be regarded as a set of instructions that allow us to 
interact and control hardware[4]. Such ample definition lead to the inclusion of 
numerous types of software, with all kinds of peculiarities. This definition is so 
broad that includes digital games as just another type of software, so one cannot 
help but wonder why not use a software development model. The problem lies 
on the purpose of games, that is to entertain and, in this case that’s not all, since 
this dissertation focus on digital games for social causes. This type of games 
must entertain while teaching the gamer some type of skill, most times, a 
somewhat basic skill that will improve the gamer’s quality of life.  
Like any other form of entertainment, this one can also be seen as a form 
of art, with room for spontaneity, free or radical thinking and innovations, with 
leaps of faith. In short, the models and methods proposed until today don’t suit 
the development of digital games, primarily games for social causes, because 
they are unable to deal with the art component of digital games. As such it must 
be developed a model capable of dealing with this feature. But although the 
software development models and methods can’t deal with such peculiarity, 
they still serve as a great resource of guidelines, ideas, methodologies and 
knowledge. 
Another important aspect are the limitations of the parties involved in the 
development process of these games, especially in the case of games for social 
causes and for the STB initiative. This process is made of organizations, who 
4 
 
provide a service and help individuals with disabilities, and students, whose 
main commitment is their master thesis and therefore, finishing their degree 
and studies. One limitation of this sort of organization are the scarce resources 
they possess, restricting the quality and means of their service. Another obstacle 
is the knowledge gap between students, whose comfort lies on technology, and 
service/care providers, who are usually professionals in the health and educa-
tion industries.  
However, not only limitations come from this relation between institution 
and students. The diversity of the parties involved in the development process 
of these games is also a positive aspect, as the different parties contribute with 
separate experiences and feedback, which greatly enriches the development 
process. All this must be taken into account to avoid the development of an un-
reliable model. 
1.1. Goals 
The goals set for this dissertation are: 
• Formulation of a model to develop digital games towards social caus-
es. 
• Increment the success rate of the games developed within the STB ini-
tiative. 
1.2. Drive  
A new model that enables the systematic development of better games 
and systems, will bring a new energy to the STB initiative, insuring better 
grades on the students’ dissertations, and better games and systems, therefore 
letting the students reach a higher sense of personal achievement and improv-
ing the quality of the service provided by the organizations to the individuals 
with disabilities. 
The development of a model like this will also attract attention for the 
cause and for what gaming and modern technologies can do, thus bringing 
more research, minds and efforts to these topics. This attention could even gen-
erate a prosper new business area. 
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State of the art 
In this chapter, the basic concepts will be given, discussed and compared, 
to give the reader a baseline about the state of the art in game development, 
software development and product’s life cycles. This way the reader can stay 
up to date with these subjects and better understand the reasoning behind the 
decisions that will be taken in the next chapter. 
2.1. Product Life Cycle 
In this section, a traditional definition of what is a product’s life cycle will 
be introduced, with the purpose of understanding its stages and comprehend 
how to extend or mitigate certain stages.  
A product goes through four main stages during the course of his life: In-
troduction, Growth, Maturity and Decline[5]. The recognition and comprehen-
sion of this stages is crucial because it enables a better, more accurate and wider 
perception of the present and a way to predict future events. By knowing the 
present and understanding the future it is possible to act, in order to obtain the 
most desirable future or outcome[6]. A typical example of a product’s life cycle 






Figure 2.1 – Example of a product’s life cycle[7] 
2.1.1 Introduction 
The first stage by which the product goes through is the Introduction 
stage. This period is full of uncertainties and unknown risks, all capable of de-
termining the fate of the product, it success or demise. During this phase, it is 
mandatory that the developers show the need of this product to its future con-
sumers and its target audience, so that it appeals to as many clients as possible. 
Like any new product, the sales usually are minimal and its productions and 
supply methods are not optimal.  
Beyond the risks and uncertainties, this stage is also the one to ask most 
from a company or organization, due to the huge investment that a non-optimal 
product represents. As such some companies opt to systematically wait for the 
competition to invest and create a market, before investing in their version of 
the product restraining the amount of risks and the costs. 
 
2.1.2 Growth 
The second stage is called Growth. The main characteristic of this stage is 
its dependency to the products success, if it is successful the product sales will 
rise, if not they will remain steady and even decline skipping the stage that will 
be described in the next sub section.  Throughout this phase competition rises, 
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mostly because the companies that adopted an anti-pioneer approach now 
launch their product due to the realization of how healthy the market is.  
During this period, the supply and production process is optimized and 
the profit margins are at an all-time high. The priority shifts from finding cus-
tomers to keeping the one they have and separate the product from its counter-
parts. As the profit grows, new more aggressive selling strategies emerge, creat-
ing a new stage, with lower prices and less margins that will be discussed next, 
turning the differentiation between products the make or break detail.  
 
2.1.3 Mature  
The next stage is known as Maturity. The first indication that the product 
reached this stage is the market’s saturation, meaning that the sales growth is 
now very diminished in comparison with the previous stage. By this time most 
potential targets have already bought a version of the product and so the priori-
ty for the company or organization must irrevocably be the differentiation of 
the product, to retain most of the clients. Above all it is during this phase that 
the communication between developer and client is most crucial to insure a 
high standard of client satisfaction and retrieve from the client base suggestions 
to increase product differentiation, in order to keep up with the competition 
rate. Although the focus goes to product differentiation, the majority of product 
are standardized, making even the slightest details seem big differentiation fac-
tors.  
The duration of this stage can be extremely short, as for example trends, or 
can be extremely long, lasting through generations, as for example the industry 
of bolts, that remain widely used since the XIV century. 
 
2.1.4 Decline 
The final stage is called Decline. In this phase, consumers run away from 
the product and sales drop, however, competition remains fierce. Along the 
way some competitors drop their products and leave the market, meanwhile 
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the remaining companies start to apply gradually more aggressive tactics to re-
vitalize the market. 
If they succeed, the market stabilizes and can even show signs of growth 
and in the best-case scenario it can recede to a scenery that resembles the 
Growth or Maturity stages. One factor that plays a role in revitalizing a product 
is its design, style and looks. A corporation who did this very well is Apple, 
they imbue their products, namely the “Ipod” and “Iphone” family, with mod-
ern, clean, different and unique design, with a small differentiating detail, the 
Apple Button that allows the user to interact with the product in an unusual 
way than their competitor counterparts. This strategy allowed them to become 
one of the biggest corporation today. 
 
2.1.5 Extending the life cycle 
Comprehending the product’s life stages enables the early planning of the 
its life. In turn, this planning allows the extension of its life even prior to its 
launch. 
Some actions that extend the life cycle of a product are its promotion to-
wards a more frequent usage by its users, the development of even more ways 
to use the product, the creation of new users through the expansion of its target 
market, the discovery of new ways that the users may benefit from the product, 
the development and increment of new functionalities to newer versions and 
finally by the continuously update of the product. One example of how this ac-
tions influence the life of a product can be found on the article “Exploit the Prod-
uct Life Cycle”, by Theodore Levitt[6], where he studies the nylon case and from 
where some of this actions come, including figure 2.2. 
According to Theodore Levitt[6], planning this extensions creates a set of 
actives instead of a reactive policy which could demise the product to a less 
promising future and provides a long-term plan designed to give a new life to 
the product at the right time, with the exact effort and care required. Lastly, it 




Figure 2.2 – Example of a product’s life cycle with extensions actions through incen-
tives[6] 
 
2.2. Software Development 
In this section, we will look at the different software development models 
proposed until today. Each sub section will be composed of a different model, 
whose ultimate goal is to effectively and efficiently develop software. In the end 
of each sub section will be an analysis and classification from zero, the lowest 
value, to five, the highest value, of the model, according to certain key parame-
ters. These parameters have been selected after extensive study of the models 
presented next, taking into consideration which characteristics the desired 
model requires and which the present models offer.  
The key parameters under which the model will be evaluated are:   
• Documentation – the quantity of documents generated,  
• Satisfaction - the probability of the client’s satisfaction based on 
their role in the development process,  
• Agility – model’s capability to deal with unexpected situations,  
• Conclusion – time needed to finish the product,  
• Functional – time until achieve a functional product,  
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• Quality – overall quality of the code generated,  
• Evolution – ease in resuming the project after it is concluded,  
• Application – ease to apply and enforce.  
After classifying every model by all parameters, each model gets an over-
all rate from zero to five. The rating given to each model is based on the careful 
review of the strong and weak spots of the model, in conjunction with their ad-
vantages and drawbacks present in the literature. A table with all the rating can 
be found in the last page of this chapter (Table 2.8), for an easier comparison of 
all model, leading to the conclusion of the weak and strong points of each mod-
el. 
2.2.1 Code-And-Fix Model 
The Code-and-Fix model is the simplest of all models, being for this same 
reason the most used model among newer programmers with less experience. It 
consists in the simple task of programming, without any regards for planning 
or any other concerns, only stopping when the project is finished, and facing the 
problems as they come.  This way, it consumes very little time, being the fastest 
model to produce results. 
It gets its name from how it functions, each time some feature its coded 
(Code), it’s tested, if it fails the tests, it’s fixed (Fix) and the cycle repeats itself 
until the product is finished. It is as simple as it can get.  
This simplicity is its strong point, but it is also its main weakness, creating 
numerous obstacles. The main obstacles,  as stated by Barry W. Boehm, in his 
article “A Spiral Model of Software Development”[8] are: 
a. Easiness in becoming very disorganized and messy code after a few cy-
cles. 
b. The commonness that a product gets rejected due to unfulfillment of all 




c.   Patches and fixes are near impossible due to the lack of documentation 







Analyzing this model, taking special attention to the parameters set in 
the beginning of this section, it’s possible to reach some conclusion and cre-
ate the following rating (Table 2.1). 
The documentation’s absence, the weak client involvement, the lack of 
agility and the lack of planning and preparing towards the future implies 
that this model rates poorly. All factors combined form a model with a high 
chance of creating substandard quality code. 
However, its simplicity allows for an easy implementation and appli-
cation, and a very short final delivery date, but not as short as the delivery 
date of other models that permit the delivery of an uncomplete but function-
al project. 
This model gets the overall value of 1. 










Table 2.1 - Code and Fix’s rating 
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2.2.2 Waterfall Model 
This model was developed in the fifties, as a result of the experience 
gained during the development of an aerial defense system called SAGE (Semi-
Automated Ground Environment)[8]. Although it was developed in the fifties, 
it only gained popularity in the seventies, and is, nowadays, still a model that is 
illustrated in most of the literature linked to software engineering and industri-
al practice.  
There are multiple version of this model, but all share the same philosophy 
and are characterized by three aspects [4], [9]. All waterfall models are linear, 
broke down into stages and thoroughly documented. That being said, the first 
step in this model is to break the project into stages, each stage is well docu-
mented and has a very defined goal, as seen in figure 2.3. 
Its linearity forces the developer to only move onto the next stage or step 
after finishing the one he is currently on and it only works this way, which 
means that after finishing a stage you can’t go back.  The amount of stages and 
what to do in them varies with the waterfall model adopted. Picking the right 
waterfall model depends strongly of the kind of software to be developed, but 
also of the targeted user or client, as some stages only make sense considering 
the final user. For example, it wouldn’t make sense, to perform a market study 
to develop a very specific software, only to be used within the company itself, 
however for this same case, it would make sense to have a stage responsible for 
creating support documentation, with the goal of teaching its users how to 





Figure 2.3 – Example of a waterfall model[10] 
The contribution from this model was extremely positive to change the 
software development approach to a more systematic and planned develop-
ment allowing better results, closer to what the user wants, but it is not perfect. 
It yet assumes that the process of creation and development is linear and rigid. 
In reality, it’s impossible to follow this model. The linearity of the waterfall 
model stops any attempt to correct what was previously done in a stage prior to 
the one the developer currently sits on. For example, if one extra requirement 
was requested by the client, and the developer was already on a posterior stage 
to the requirement stage, it would mean that the developer would have to start 
over. This tiny detail meant that in the best-case scenario, a total redo of the pro-
ject was required, stage by stage, step by step.  
Another problem comes from its rigidity, because the project has to be de-
livered once without any follow up or future updates, if the result isn’t satisfac-
tory due to a missing requirement or a flaw in planning, all the time and effort 
put in to the project is wasted. It’s clear that all the planning and design is made 
before coding and delivering, so any change made to the first two stages, 
wouldn’t affect the final product. In other words, any requirements that may 
look secondary or optional at one point can be crucial in the future, turning a 
successful project into a complete failure. One example would be an accounting 
software that doesn’t allow the addition of a new currency, even if the company 
doesn’t intend to expand to a new market with different currency. If this soft-
ware was requested by a Portuguese company in 2001, and delivered on Janu-
ary 2nd,2002, this software would be useless because the official currency of Por-
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tugal on January 3rd, 2002 would change from being Escudos to Euros. This 
small detail could pass by unnoticed making the outcome disastrous.  
A looped waterfall model was proposed to solve these problems found in 
figure 2.4, but some problems persevered. The one-time final delivery date, im-
plies that if the client is not pleased with the final product, a new project must 
be developed. Another problem is that some reasons that led to an unsatisfying 
product may come from the model itself, due to the small interaction between 
client and developer causing a lack of feedback throughout the development of 
the software. This lack of interaction leads the client to miscalculate what re-
quirements are needed, and overlook several important aspects of the software, 
mostly because of his lack of awareness of the whole project. 
 
Figure 2.4 - Example of a looped waterfall model[11] 
These types of problems motivated the creation and development of new 
software development models, called evolutionary that try to deal with instabil-
ities within the software development process. The next few models to be dis-
cussed will try to solve these problems. 
It is also important to note the development of another waterfall variant, 
called the V-Model. This model was extremely popular because it allowed for a 
verification/validation to be made before moving on to the next stage, this way 
reducing the problems of a regular waterfall model. However, this meant a big-
ger investment of time was needed and an even stricter model with more stag-









The waterfall model is a lot more structured than the previous model, 
however its rating is only 2 out of 5 (Table 2.2). 
Its stages philosophy and its concern in documenting all aspect of each 
stage insures a high score in documentation and evolution, due to the ease of 
resuming and understanding the project, given its documents. Another re-
sulting factor of these two strong points is the slight rise in guaranteeing the 
clients’ satisfaction and the huge bump in code’s quality, comparing to the 
Code-and-Fix model. 
Being a more complex and robust than the Code-and-Fix model, the 
time needed to obtain a final product is a lot higher and obviously so is the 
time required to obtain a functional product, seen that this model doesn’t ac-
count for a partial delivery date. Lastly, the lack of agility and the tremen-
dous difficulty in following this model to the letter, is clear. It is inflexible 
and doesn’t withstand any unforeseen obstacles, due to its linearity that 
would provoke a complete redo of the project.  










Table 2.2 – Waterfall’s model rating 
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2.2.3 Rapid Prototyping Model 
This model appeared in the sixties and seventies as a direct answer to Wa-
terfall’s model problems. It is frequently used in conjunction with another 
model, although it can be used alone. The rapid prototyping brings a shift to 
the software development paradigm, that used to focus mainly in strict stages 
and a lot of documentation, to a more client focus approach, with lots of inter-
action between developer and client. To achieve a high rate of interaction with 
the client, the model makes use of prototypes, more specifically prototypes of 
fast development, called “rapid prototypes”. These prototypes allow the client 
to know how the system will look, feel and work, and therefore follow the 
progress of the project, placing him in a better position to express his opinions 
and actively participate in the development. Each time a prototype is devel-
oped, it is delivered to the client, so he may test it and give feedback to the de-
veloper. This constant communication is crucial for the model to provide good 
results, as such the rapid prototyping model is a dynamic model that focus on 
the client[4], [9], [13]. A typical example of this model cycle can be found in 
figure 2.5. 
 
Figure 2.5 - Example of a rapid prototyping model[4] 
The shift in the approach brought many advantages, the cut-back on 
costs, the diminishing of communication related problems, the reduction of 
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wasted time and the production of a product that satisfies the client needs are 
some of the examples. 
It’s important to point out that after the process has been concluded and a 
satisfying prototype achieved, a definitive version of the product must be de-
veloped. This version will be based on the last prototype, and not the last pro-
totype itself, because an optimization must occur. 
The problems begin in this latter point, being an evolutionary model, nu-
merous prototypes are developed on top of each other until the desired out-
come is reached. The key element of these prototypes is their fast development, 
this quickness means that compromises in terms of efficiency have been made 
to achieve such short development times. The rapid prototyping’s numerous 
iterations lead to a very inefficiently final prototype, that should be redesigned, 
optimized and redone completely. In addition to this, during the last iteration 
if the client wishes to add something else, since the project would have to be 
remade either way, we would find ourselves in an endless loop of prototypes, 
never reaching a final product. The numerous iterations of this model also rise 
new problems, since the final product is based on the last prototype and due to 
the compromised made on the sum of all prototypes being present in the last 
prototype, some flaws sometimes slip by unnoticed into the final product, cre-
ating a faulty product, with below-average quality. 
Moving on, it is important to mention that this model is used primarily in 
small scale projects, but it can also be used in large scale projects, by breaking it 
down into smaller projects and applying it to each one individually. If in addi-
tion to this model, each small project also apply the Waterfall model, the 
chances are that we would reach a well-documented project with client’s satis-
faction insures, although the amount of time required to achieve such result 




2.2.4 Iterative & Incremental Model 
This model was created around the same time as the previous one, in the 
sixties and seventies. Due to its proximity in time to the previous model, it’s 
similar to the Rapid Prototyping model in some respects. The first resemblance 
Analysis 
The Rapid Prototyping model tries to solve the problems of the Water-
fall model at the expense of its strong points (Table 2.3). 
In this model, the client grows in relevance and as such the rating in 
the corresponding parameters increases. Since this model uses prototypes 
that are essentially early functional versions of the product, it rates the max-
imum value of 5 as these prototypes are developed extremely fast. It is also a 
rather simple model, with awareness towards potential future unforeseen 
events through the usage of prototypes, rising both the grade in agility and 
application. 
However, the increasingly interaction with the clients creates a lack of 
concern for the documentation, the final delivery date and consequently the 
potential future of the product after its conclusion. Lastly, the focus on deliv-
ering a functional product, as soon as possible, decreases the code’s quality, 
which may be reflected as a below-average product. 
















is that you can use it in conjunction with another model and how often it hap-
pens. The second resemblance lays on the fact that it can also be used multiple 
times along the same project, by separating the project in smaller sub projects, 
where this model is applicable.  
From the name of this model it’s possible to extrapolate its foundations, 
iteration or repetition and increment or sum. In other words,  a project is broke 
down into blocks, each iteration consists of a block, during that iteration that 
block is coded and added to the whole project, the more iterations are done, 
the closer to conclusion the project gets [4], [9]. A typical example can be found 
in figure 2.6, using the Waterfall model in conjunction with the Iterative and 
Incremental model. 
The first task when following this model is to split the project into subpro-
jects. The second task is to determine the importance and relevancy of each sub 
project and rate them. After these two tasks are completed, it’s time to start 
coding and implementing the sub projects. Sub projects with a higher rate have 
priority, therefore are implemented first. Usually, the highest rated sub project 
is the heart and core of the project.  
 
Figure 2.6 - Example of an iterative and incremental model[15] 
The constant iterations allow the timely error detection and fix, because 
each iteration’s product is tested prior and after an increment, due to the exist-
ence of a functional product from the previous iteration, which allows the re-
sults comparison. This functional product, also provides the client a crystal-
20 
 
clear picture of the project’s status enabling him to intervene after each itera-
tion, saving time to both parties. 
The Iterative and Incremental model is ideal for big projects, however, 
due to its nature of breaking a project down into sub projects, it may let some 
details slip by unnoticed, that might be important when faced with the full 
project[14]. 
Using this model simultaneously with a Waterfall model insures that the 




2.2.5 Spiral Model 
This model was proposed by Barry W. Boehm[8], as an evolutionary 
model that makes use of others model’s key characteristics, the Waterfall mod-
el, the Iterative and Incremental model and the Rapid Prototyping model. 
Analysis 
The Iterative and Incremental model is another approach to solve Wa-
terfall’s model and Rapid Prototyping’s model problems. 
This model is the result of the meetup between a client focused ap-
proach and a stricter, documentation and stage-based approach. The fre-
quent client-developer interaction combined with the regular delivery of 
content grants some agility and insures client’s satisfaction. Besides this, the 
concern for documenting all versions of the project, delivered to the client 
provides a higher quality code, and also grants that in the future the project 
can be improved. This way, it’s capable of achieving a very positive rating 
across the board (Table 2.4). 
Lastly, it’s important to point out that the final delivery date key-
parameter loses some of its importance, due to the steady delivery of en-
hanced and more complete versions of the product through the course of the 
project, shifting the importance to the other key parameter, the delivery date 
of a functional product. 
 










Table 2.4 - Iterative and Incremental’s model rating 
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This model makes an iterative approach to software development, just 
like the Iterative and Incremental model, therefore with each iteration the pro-
ject gets closer to conclusion. During the first iterations, this model makes use of 
prototypes which are examined by the client, while during latter iterations, a 
more stable, optimized and final product is presented to the client. In a way, 
each iteration consists of a Waterfall model, with different stages, that vary 
from iteration to iteration as seen in figure 2.7. 
 
Figure 2.7 – Example of a spiral model as proposed by Barry Boehm[8] 
The Spiral model reduces the risk of an unsuccessful project by using pro-
totypes in the first iterations, because of its easy creation with an extremely low 
development time and its potential to show the client how the project’s final 
product will look like, therefore giving them the chance to feel the product and 
point out possible flaws, otherwise only detected in latter stages, with a huge 
negative impact to the project. Furthermore, this model allows to reach the final 
product with plenty documentation, due to the use of the Waterfall model with-
in each iteration. Lastly, the constant iterations insure an error-free product 
while also keeping the client updated, simply because he is involved in the pro-




The Spiral model attempts to solve the problems of the Waterfall mod-
el, by combining this with the Rapid Prototyping model and the Iterative 
and Incremental model. 
The strong points of the Waterfall, Rapid Prototyping and Iterative and 
Incremental models are coupled, originating an incredibly balanced and 
structured model. However, the weak points of the 3 models are also present 
in this model, although a lot less visible resulting the rating in Table 2.5.  
This model is well documented, prepared for the future, generates 
high quality code consistently, with insurance of client’s satisfaction, but 
with less than ideal agility, a distant final delivery date and complicated im-
plementation. It’s important to emphasize that the final delivery date is of 
utmost importance to this model because most of the versions delivered to 
the client are prototypes. Only on latter stages the client is provided with 












Table 2.5 – Spiral model’s Rating 
This way, the spiral model enables the development of the project with a 
very high rate to succeed, making use of the strong points of three models. It is 






2.2.6 Agile Processes Model 
The Agile Processes Model is the last to be discussed in this sub section. It 
is the most recent of all the previously described models, being the most widely 
used model in big software companies, like the European company Spotify[16]. 
Although this model usually targets teams, its degree of relevance is so high 
that it must be mention in this document. Being the most recent model dictates 
that it is also the most controversial one, however the understanding of this 
model is of extreme importance. 
This model has plenty of variants. The most famous one is called eXtreme 
Programming (XP) and for this reason it’s the one we will discuss. All variants 
follow twelve simple principles, called Principles of Agility[17]. These are: 
1. The upmost priority is to satisfy the client through a timely and con-
tinuous delivery of high quality software. 
2. All changes are welcomed even when the project is on latter stages. 
The goal is to give the client the competitive edge. 
3. Software must be delivered regularly within a short timetable, be-
tween two weeks and two months. 
4. Both the client and the developers must work together throughout 
whole the project. 
5. Projects are built around motivated individuals. Give them room, 
support and trust they will deliver. 
6. The most efficient and effective way to pass information is through 
face-to-face meetups. 
7. Completely functional software is the main way to measure the pro-
gress. 
8. This model promotes sustainable development; therefore, the devel-
opment pace must be able to be kept indefinitely. 
9. Good practices and designs that increase agility must be encouraged. 
10. Simplicity is key. 
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11. The best architectures, design and features emerge from self-
organizing teams. 
12. Regular reflections must occur, in order to optimize all aspects and al-
low time for adjustments. 
Each principle has a different weight depending on the variation of this 
model used. 
In the XP’s case, the model is divided into four main activities that follow 
five simple values. The values are communication, simplicity, feedback, courage 
and respect. These try to summarize the twelve principles that form this model. 
Initially, this variant of the agile processes model followed only four values, but 
in 1999 in the second version of his book “Extreme Programming Explained”, Kent 
Beck[18] added respect as the fifth value.  
The four main activities are:  




Planning starts with a sharing session, during which the client shares sto-
ries that describe the features, requirements, problems, hopes and visions about 
the software. Each story is rated, the higher the rating, the more priority it has 
and consequently higher the priority of the feature or requirement it represents. 
After sharing all stories, these must be grouped in blocks by both the client and 
developers. Each block is tagged with a time stamp to allow for its implementa-
tion. Finally, a plan of action is set considering all block previously created. This 
way, the clients and developers choose which requirements or features they 
want to have access to first, as well as the implementation order of all blocks 
and its final delivery date. As the second principle dictates, it is possible at any 
stage to change, add or remove stories and by consequence its features and alter 
the order of implementation and delivery. 
The next activity is Design, where the motto is simplicity. During this ac-
tivity only one block is considered at a time and what is the simplest way to 
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implement it, without considering the following blocks. Just like the previous 
activity, this one is also subject to a lot of alterations, being often regarded as an 
activity to perform before and after the activity that will be described next, the 
coding activity. 
After the Design, the Coding stage starts. The first step is to create the set 
of scenarios/testing units, to enable the next activity, to test the implementation 
insuring it works as designed. After these units are created, the so-called coding 
begins. The coding should be done in pairs (Pair Programming) and each ele-
ments of the pair with a different task, for example one can focus on insuring 
the quality of the code while the other implements or thinks about a certain de-
tail explicit in the design. As the pairs finish their work, the code must be inte-
grated between all pairs in a daily basis, to reduce problems of compatibility 
and interface, diminishing repeated segments of code. 
The last activity is Testing. This activity is self-explanatory, it consists in 
running the testing units/scenarios created in the previous activity and deliver-
ing the final product for testing to the client.  
In the end of this activity another iteration is performed, that goes 



















The Agile Processes model is the most recent and balanced of all the 
models discussed, which reflects on its rating (Table 2.6). 
This model gives great emphasis to communication and interaction 
with the client, integrating him in the constructive and development process, 
this way it achieves the maximum rating for client satisfaction. The same fol-
lows for agility, due to tackling the obstacles and problems as soon as they 
are detected.  
This model also rates high in documentation and evolution, due to 
disposing of complete activities focused in documenting all relevant aspects 
to the project, as well as, activities that try to reduce the development time 
while still considering the code’s quality.  
The only possible negative point of this model is its liability towards 
the client, since it depends completely of the client’s sincerity and availabil-
ity. For the purpose of this analysis it was assumed that the client is totally 
cooperative or wouldn’t be a client. 















2.3. Game Design 
The Digital Games Industry has been turning lots of heads due to the new 
possibilities it can provide and its immense growth over the last years, which 
continuously exceeded all expectations. One example that shows how much at-
tention videogames have been getting, is the amount of big sports clubs, that 
are usually linked only to traditional sports, clubs like o Sporting[19], Schalke 
04[20], Wolfsburg[21], Besiktas[22], creating E-Sports teams and exchanging or 
buying and selling digital games’ players, just like in traditional sports, to com-
pete at the highest level in leagues created by the game developers. 
Despite all the attention, the academics continue to consider digital games 
development a subject with little to no interest, and consequently there is al-
most no development of models, similar to the ones described previously for 
software development, that aid the creation of new digital games. Therefore, 
most of the knowledge acquired in this subject remains empirical and comes 
from the experience of few individuals.  
However, through the analysis of their experiences, knowledge and ideas, 
some conclusions can be drawn and similarities found. By compiling all these, 
it’s possible to extract some guidelines that aid in game development. 
From three major references in game design eight relevant 
similarities[23]–[25], where compiled: 
• Goal – One of the most important aspects to consider when develop-
ing a game is what the main goal of the game is. The main goal should 
be one of the first points to be considered during the design stages. It 
should be simple, clear and top priority[23]–[25]. 
• Theme/Environment – Theme refers to the context where the game 
enfolds. It can be set at the same time the goal is set, since both are 
connected and they must be coherent to avoid inconsistencies and con-
tradictions [23]–[25]. 
• Key Elements – The key elements of a game should be simple and 
very few, but still relevant.  Another important aspect is that all key 
elements should be equally important and none should be overdevel-
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oped when compared with the rest and vice versa. These can be aes-
thetic, mechanic, technologic or be part of the storyline [23], [25]. 
• Meaning – Actions within the game must have meaning or gamers 
won’t do it, ending up being a waste of feature. The meaning can 
emerge as a direct result of a player action (immediate result), or from 
the relation between actions and outcomes when seen from the bigger 
picture (means to an end). Both types are important when creating a 
game [23]–[25]. 
• Balance – Within the game there are different mechanics and re-
sources, each with distinct values, if for any reason certain mechanics 
or resources are clearly superior to others, the remaining will be ren-
dered useless and forgotten. This reduces the depth of the game, as 
well as, the possibilities given to the player and diminishes the mean-
ing of some actions and the game in general. The lack of balance 
shows the player clear design problems, and should be treated with 
extreme care [23]–[25]. 
• Iteration – The process of development and creation of a game must 
be an iterative process. This process should be used especially for test-
ing the game and continually deploy new prototypes. Only through 
continuous development and appraisal of the game it is possible to in-
sure it serves its purpose. As such, it’s mandatory to develop multiple 
versions of the game, meaning, various iterations are required to fully 
create and develop a game [23]–[25]. 
• Test – A testing stage is essential to the development of a game. Dur-
ing its development, a game should be tested numerous times, either 
by the development team or clients and even members of the targeted 
audience. These tests can be performed in prototype, during the first 
stages of the project to speed up the development process. The crucial 
point is that all flaws and errors are detected early [24], [25]. 
• Documentation – Throughout the development it’s important to keep 
documenting all details of the process. The documents should target 
both developers as well as gamers. The creation of this documents al-
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lows for a better implementation, and allows for an early detection 
and correction of error or flaws [24], [25]. 
 
2.4. Challenges in Game Development 
From the previous chapters, the idea that was passed on was that there 
was a lack of game development models and due to the complexity and unique 
characteristic of games, software development models weren’t capable of 
providing constant results. In this section will be presented the main problems 
with game development, as well as provide reasons to adopt some strategies 
present in software development models.  
The challenges present in game development are plenty and the results are 
disastrous, but many have been solved already by the software industry. To 
solve problems, as with most issues, these must be recognized and understood 
so that a solution can be found. The main challengers, as stated by Christopher 
M. Kanode and Hisham M. Haddad,[26] are: 
• Diverse Assets – Games are a result of integrating many different expertise. 
Handling all these poses a challenge as the project grows.   
• Scope – Lack of a plausible, viable design and planning, means that the pro-
ject is constantly increasing as features are added. Evermore the addition of 
feature without a care thought, may lead to the addition of unrealistic fea-
tures.     
• Publishing – Bringing the game to the industry can be a challenge due to 
the lack of investment or outdating technologies, since the game industry is 
a very competitive and fast-paced industry. 
• Management – Dealing with some many assets and keeping the project on 
the right track requires great communication between all members and an 
excellent oversight. 
• New Technologies/Third party – The constant competition of the gaming 
industry leads to a never-ending development of new exciting technologies. 
Coping with this can prove hard if the wrong technology is chosen. 
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• Team Organization – Keeping all team members in check, thinking the 
same and working to the same common goal is a challenging task. 
• Development Model – Choosing the right model can determine the success 
of the project. Understanding the process is also crucial. 
The challenges are present in all types of games and they cause immense 
amount of problems to the game industry. According to Pretillo [27] in a re-
cent data gathering, only 16% of project in the gaming industry are complet-
ed on time and on budget. This research featured twenty games from a wide 




Figure 2.8 - Occurrences found of each problem type in research and analysis per-
formed[27] 
It is also possible to observe from the data gathered, which is displayed 
in figure 2.8, that the problems with greater occurrences (over 50%), are due 
to bad project management and poor requirement gathering. Avoiding these 




From the study of the software development methodologies Christopher 
M. Kanode and Hisham M. Haddad [26] learned how to solve these prob-
lems. The solution to each problem can be found in the table presented be-
low, Table 2.7.  
Challenges Software Engineering Practices 
Diverse Assets 
Optimize tools and pipeline for integrating assets into 
the game. 
Project Scope 
Apply requirements engineering and risk manage-
ment when translating the GDD to the project scope. 
Consult with the teams involved so that the project 
scope is realistic. Consider time needed for game ex-
ploration and feature creep. 
Game Publishing 
Develop deeper communications between the pub-
lisher and the development house. 
Publishers need to be clear with their requirements. 




Invest in managerial training with an emphasis on 
project management practices. 
Team 
Organization 
Evaluate potential process methods based on team or-
ganization and corporate culture. 
Encourage an attitude of the team as a whole and less 
importance on individuals. 
Development 
Process 
Understand current process and the problems with it. 
Identify processes that will benefit the project. 
Third-Party 
Technologies 
Apply risk management to selection of third-party 
technology in order to identify which, if any, compo-
nents would work best for the current project, and for 
future projects. 
Table 2.7 - Solutions found in software development to game development problems  
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Although most solution are too high-end and target big organizations 
and teams, they can still contribute toward developing a game development 

























































































































































































































Digital Games’ Development Model 
3.1. Problematic 
The lack of tools used in therapy sessions for individuals with disabilities 
is an alarming problem. Most of these tools try to address the needs of the indi-
viduals but unfortunately, a few fall short and can even enhance the problems. 
To minimize this, the STB initiative was created. However, the STB reach has 
been limited in part due to its development approach, leading to a shortage of 
individuals that have been able to profit from the tools developed by the STB 
initiative, simply because they aren´t aware of its existence.  
Both problems point to the same conclusion, the need for a structured, 
well-thought development model capable of deploying tools, in this case mostly 
games, to the desired targets. This development process must be mastered and 
integrated within the STB initiative, so that it can run as smooth as possible 
providing high quality games, to pose as tools, to the one’s that need them. 
So far, the development processes within the STB initiative have changed 
year to year, semester to semester, student to student and it reflects on the re-
sults. Although with an overall positive outcome, the games developed up until 
now have had mixed results, while the students successfully finished their de-
gree, there are still games that either don’t reach the desired target or the insti-








most of those associated to the lack of follow-up or design failures. As such this 
can’t linger much more, a game development method must be adopted, in or-
der to achieve a higher rate of satisfaction from the institutions and deliver high 
quality games.  
But as previously discussed there is a lack of proved game development 
methods and processes capable of repeatedly provide results in different sce-
narios and circumstances and particularly in the way that the STB initiative 
functions with students and institutions.  
The few proved methods found were software development processes, 
however not only these methods cannot cope with the STB inner working as al-
so fail to provide reliable results when it comes to games, because these cannot 
be viewed as a product of pure engineering and therefore, can’t be developed 
through an engineering straightforward process, like a software development 
process, although they can be considered as one of the many types of software 
existent nowadays.  
This leads to the conclusion that a new game development process must 
be created and documented, designed to suite the STB initiative. 
3.1.1 Requirements 
At the beginning of this project some requirements were laid down, to bet-
ter suit the STB’s initiative inner workings and therefore, achieve a higher rate 
of success. These requirements pose as foundations to the project, guidelines to 
obey and fulfill. 
They are: 
• Incorporate interactions between Institutions and Students 
• Agility to deal with sudden problems 
• Allow supervision over the project 
• Provide relevant and useful games systematically 
• Capacity to deal with Students’ and Institution’s limitations 




Taking in consideration all the points listed in the previous section and the 
information in chapter 2, this model will have to be composed of several essen-
tial characteristics.  
The proposed model will focus heavily in documentation, with multiple 
instances of interaction with the institution/client, making use of prototypes 
and several moments for tests through a systematic and iterative approach. 
The focus on documentation will provide good foundations to the project 
while allowing the supervision of the project. The use of prototypes will reduce 
the amount of time needed to fully document and develop the game, while the 
constant interaction with the institution will keep them on the loop, insuring the 
project meets the expectations, which will be validated by the tests performed 
on later stages. Finally, the systematic and iterative approach provides stability 
and agility to deal with unexpected problems (figure 3.1). 
 
 





The proposed model is called The Digital Games’ Development Model 
(DGDM), and consist of five distinct stages. Each stage is composed of different 
activities, targeting various aspects of game development. The five stages are: 
• Planning – The first stage prepares all the essentials to start a successful 
project.  
• Design – This stage builds on top of the foundations laid by the previous 
stage, grabbing the remaining details and starting the so-called devel-
opment. 
• Development – This stage consists of pure engineering, ending with a 
complete game, with only needing to be validated and inspected. 
• Evaluation -  This stage consists on a set of tests, that aim at validating 
and confirming that the game is ready for the last stage. 
• Deployment – The final stage terminates the project and releases the 
games, trying to maximize their reach. 
3.2.2 Planning 
The first stage is Planning. Its goal is to prepare, set-up and arrange some 
of the essentials to the project and lay down foundations to a healthy working 
environment, insuring less problems on latter stages and in general.  
In this stage, students get to know the project and the institution which 
they will be working with. The idea is to shorten the gap between both parties, 
eliminate communication problems and settle down the student within the in-
stitution. Aside from this, the institution also get the chance to explain the goal 
of the project and what they foresee and hope, giving an opportunity to get 
feedback from the student point of view, and this way stimulate the working 
relationship.  
By the end of the stage, the student should have a rough concept of the 
project, its features, functionalities and some details as scenery or storyline. 
Therefore, leaving room to schedule the work, separating each task into blocks 
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of 2/3 weeks according to the complexity and importance of the task, where the 
blocks referring to core features or functionalities have priority. 
This stage is divided in three main activities as seen in figure 3.2:  
• Brainstorming,  
• Meetup, 
• Set-up.  
These reflect what was described earlier in this sub section. 
The first activity is Brainstorming. It consists of a simple, straightforward 
explanation of the project, followed by an early inspection of the market and 
brainstorming/creativity exercises.  
The second activity is Meetup. It consists of the first set of meetups or re-
unions between student and institution where there’s an exchange of points of 
view, opinions and ideas regarding the project. From these, an early design, 
with a set of features and functionalities, will arise. On which the student and 
institution must agree on. 
Lastly, the Set-up stage consists of the previously described schedule. To 
schedule the work, the student should follow the same approach used on an 
Agile Processes model during its planning activity. The features and functional-
ities should be grouped in blocks, each block should have the duration of 2 to 3 
weeks and should be accompanied by a rating reflecting its relevancy. The more 
relevant, crucial and core blocks have priority and should be scheduled earlier.  
It is important to note that all these activities should be documented 
throughout all its duration, and all documents kept in a portfolio to allow for an 




Figure 3.2 -Planning Stage activities 
 
3.2.3 Design 
The second stage is Design. The goal of this stage is to create and review 
the Game Design Documents (GDD), that will serve as guidelines to the project. 
Like the last stage, there are three main activities, two of which to support 
the creation of the game design documents and one to document and review 
the documents itself as showed in figure 3.3. These documents, like all docu-
ments generated, must be kept with the portfolio. 
By having these activities, some problems, especially communication re-
lated and requirement gathering ones, are prevented and the project is required 
to get a green pass from both the institution and the supervisor. These activities 
insure there’s enough to start developing the project, while preventing future 
problems, like the ones mentioned above, all by interacting heavily with the cli-
ent and supervisor, and reflecting on several crucial aspects. 
The three activities are: 
• Appointment,  




 Appointment is the first activity and tackles the gap between institution 
and students, diminishing the knowledge difference and preventing communi-
cation failures while also enabling the student to gather valuable information. It 
consists of one or more go-along visits to the institution, where students follow 
the members of the institution on their normal day and gather information con-
cerning the resources available to the institution and understand the limitations 
of their target audience. This way the students get a broader knowledge of the 
institution limitations, that are not always obvious or explained during the pre-
vious stage, and therefore, can design a better suiting project, by knowing how 
the institution can profit the most from it. These visits can also involve patients 
and/or their daily caretakers, giving that they consent to it. All information 
gathered and the conclusions made, must also be preserved in the portfolio. 
The second activity is called Initial Prototype. It is a simple activity and as 
the name suggests its final product is the first prototype. This prototype should 
be composed by all the instances, features and functionalities that are consid-
ered relevant by the student, taking into consideration all the information pre-
sent in the portfolio. In other words, the prototype should reflect the whole pro-
ject or game and for this reason, it should be made on paper or in an equally 
fast way, to pose only as an early draft.  
If during the creation of this prototype, any flaws are found and corrected 
or extra features added, these should be documented and kept in the portfolio. 
An example of a support document to design this prototype is displayed in an-
nex 1. 
The third and final activity is Re-evaluation. This activity consists in a re-
valuation of all the documents generated, the completion of the Game Design 
Documents (GDD) and their evaluation by the supervisor and institution. The 
GDD are a set of sheets made by Tiago Cardoso that go over all aspects essen-
tials to a game. These are completed with the information gathered so far, and 
with the design decisions made to this point. 
The sheets are divided in five core parts: 
• Art, 






This division allows the project manager and developer to take their time 
to address all the major game design details stated in section 3 of the previous 
chapter 2. 
The Art section focus on detailing the game theme and environment, by 
documenting all the style related aspects of the game, since lighting to color 
palette. It is also made an approach to the key elements of the game, like charac-
ters, user interface elements and game mechanisms. 
In the User Interface section, all the elements at the user disposal are pre-
sented and thoroughly explained. The objective is to get a clear image of how 
the user will interact with the game and determine which elements are required 
to implement all the necessary game mechanics and scenes. 
In the Game section, the focus is to understand how the game will func-
tion overall. To do so, the different gameplay modes, their mechanics, challeng-
es and actions, are addressed. The goal of doing so, is to avoid lack of meaning 
in one of the gameplay modes and insure the goal of the game is well deter-
mined. After this, the focus shifts to balancing this same gameplay modes 
through the instantiation of the game’s internal economy, further enhancing the 
avoidance of design failure. Finally, it is made an early approach to level design 
to help incorporate the previous gameplay modes into the game. 
The Level section continues the work done in the Game section, further 
detailing level design. The goal is to document every aspect of each level, in-
cluding starting, winning and losing conditions, the key elements present and 
even some style related aspects. 
Lastly, the Lead section tackles at two separate design details. The first is 
the design from a wider viewpoint, taking the task as whole. This way, the de-
signer is asked to summarize all the features and instantiate the game concept. 
The second is the storyline that supports the game.  
All these documents can be found in the annexes 3 to 7. 
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These GDD accompanied by the initial prototype are extremely valuable 
to the project, as they represent the game in development and so offer opportu-
nities to detect flaws, inconsistencies and communication errors due to the wid-
er vision they provide. After the GDD are completed, they must be presented to 
the supervisor and the institution, to insure nothing goes unnoticed and every-
thing is as desired and the institution kept at par. These GDD should also be 
kept in the portfolio. 
If either the institution or supervisor are not pleased, changes can be made 
and the student should go through both the second and third activity, and 
therefore generate a new prototype and GDD.  
Similarly, if any flaw was detected and corrected or any extra feature add-
ed either on this activity or the last, these should be reflected in the GDD. If 
necessary, adjustments to the planning can also be made in this activity. 
This grants some agility and gives an opportunity for the institution to re-
flect on what asked for.  
 








The next stage is the Development. The Development stage revolves 
around the creation of the game.  
This stage applies an iterative approach to game development as present-
ed in figure 3.4. Each iteration, represents the development of one block or fea-
ture and goes according to the plan made in the Planning stage and perfected in 
the Design stage.  
An iteration consists in three main activities,  
• Production, 
• Test, 
• Inspection.  
The Production activity corresponds to the sheer act of programing and 
developing the block or feature and its addition, after conclusion, to the already 
fully developed blocks. 
The Test activity correspond to the set of tests that the block goes through 
to insure integrity. The tests, at this stage, are performed by the development 
team, student and close personnel, and should only reflect the functional aspect, 
not the fun aspect of the game. The objective is to tune down the occurrence of 
“bugs” and improve the overall quality of the code from a technical perspective. 
An example of a support document for these tests can be found in annex 2. 
The Inspection activity is the final activity of this stage. It consists of an in-
spection to the implementation, performed by the supervisor and, in cases that 
may be necessary, by the institution as well. This inspection lets the institution 
know how the development is going on and lets them intervene in the produc-
tion process. 
Like the previous stage, if either the institution or supervisor are not fully 





Figure 3.4 - Development Stage activities 
3.2.5 Evaluation 
The evaluation stage aims at insuring that the game performs as designed, 
both in the functional aspects as in the fun context. This stage consists on a se-
ries of simple tests, where both functional and fun aspects are evaluated.  
The tests are composed of play session, where the subjects experience and 
play the full game and a follow-up form, where the developer asks questions 
regarding overall performance, existence of bugs, design flaws and other gen-
eral errors. The goal is to get a clear idea of the subject’s opinion and validate 
the game. 
These tests are made in three distinct phases as shown in figure 3.5, the 
first involves only the development team and members that know all the as-
pects of the project, the second phase involves members that hardly know or 
don’t know the project and lastly the third phase involves people that fit inside 
the desired target, members of the institution that don’t know the project and 
other health professionals. 
By performing tests with separate groups of individuals with distinct 
grades of knowledge, the development team is capable of detect flaws, other-
wise undetectable. Certain aspects that matter to a group may not matter to 
others, but may still be relevant to the project. These tests provide an opportuni-




Figure 3.5 - Evaluation Stages 
3.2.6 Deployment 
The final stage is Deployment and is responsible for the deployment and 
release to the institution and the masses. This stage has two separate activities. 
The first and most important activity is the deployment to the institution. 
The method of deployment must be ideal to the institution and should be one of 
the more relevant points to observe and discuss during the first activity of the 
design stage, Appointment.  
The second activity is the deployment to the masses and public. This de-
ployment should be done through platforms that are widely used and well 
known to the public, for example Google Play Store and iTunes Store, to reach 
as much people as possible. 
Although these games target people with disabilities, the STB initiative 
needs to survive. Therefore, some of the more generic/less focused games can 
have two versions, one to be handed to the institution and another to be re-
leased to the public. The first must be a complete and totally free version, while 
the second can have a freemium or publicity based business model. The devel-
opment of the last shouldn’t be of the student’s responsibility, being totally op-
tional, due to the low academic value.  
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Implementation and Validation 
4.1. Validations Methods  
In this section, the methods used to validate and support the proposed 
model will be presented. After developing and creating the DGDM, it had to be 
validated to insure it did what it was developed for. To do so an application, to 
support its implementation, was developed, in addition to the development of 
two games using this model and a quiz to verify the acceptance of the DGDM 
within the STB initiative.  
The goal of the application is to help implement and follow the proposed 
model, offering the project manager and developer crucial tools that aid in the 
process of game developing. The application is organized in a certain manner to 
be coherent with the DGDM. This way, the user is induced to use the proposed 
model, a systematic development methodology, benefiting both the user, as the 
DGDM, giving the model popularity, and the user a useful tool. In the next sec-
tions, more information of the application will be given, as well as a thorough 
explanation of its design and functionalities.  
Through the development of two games using the proposed model, it’s 
possible to extract numerous information about the DGDM. By analyzing this 
valuable information, it’s attained the possibility of characterizing the proposed 
model. The main goal of this, is to validate DGDM’s efficiency and effectiveness 








data of distinct aspects related to performance of the developed games will be 
presented and analyzed in the section 3 of this chapter. 
 
4.2. Support App 
The support app is called “Game Development Support App” (GDSA). 
The tool used to develop this App was the Android Studio, the official tool rec-
ommended by Google, the creators of Android.  
The decision of using this tool limits the number of devices it targets, since 
it can only develop applications for Android Devices. Still Android devices 
dominate the market, composing up to 81.7 % of the market, according to a re-
search performed by Gartner[28], one of the leading research companies. This 
decision was based on the experience acquired during the Master’s Degree of 
Electrical and Computer Engineering and the fact that being the recommended 
tool supported by the company that develops the world’s leading operating 
system (OS) means it will be the tool with the biggest community and support. 
In addition to this, the vast amounts of experience working with JAVA pro-
gramming language, the main language used to develop Android application, 
lead to the obvious choice of opting for this tool. 
The GDSA is an Android App that follows the proposed model, support-
ing it by offering a convenient way to access most of the tools required to im-
plement the DGDM. The GDSA provides tools for four of the five stages present 






The last stage of the model, Deployment, was left out, due to the lack of 
tools that the GDSA could offer, being an activity to be done exclusively with an 
unlimited variety of physical or external tools. 
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For each stage a set of useful tools, that would aid in its activities, was de-
termined. These tools target most of the documentation and organizational as-
pects of the DGDM. The idea is not to replace the formal generation of these el-
ements but to help developing them on the fly in a convenient and fast way, to 
latter re-use in its formal creation.  
 
Figure 4.1 - Main menu, separated in each of the model's stages and a disconnect but-
ton 
The first stage is Planning. As previously described this stage has three 
different activities: Brainstorm, Meetup and Set-Up. Each activity can make use 
of different tools.  
For the Brainstorm activity, it is useful to be able to write down ideas, as 
well as alter and view them. For the Meetup activity, it is useful to schedule an 
appointment and afterwards write the Minutes of the Meeting. As for the Set-
Up activity, it is important to carefully perform it, and therefore it shouldn’t be 
done on the fly through an App.  
The second stage contemplated in the model is Design. Similarly, to the 
previous stage, it also has three different activities: Appointment, Prototype and 
Re-evaluation.  
The Appointment activity requires a method to schedule the appointment 
as well as a way to take notes to document some interesting and relevant details 
that may emerge from it. The Prototype activity, as the name mentions, needs to 
document the prototype, after this and a way to write down ideas. The Re-
evaluation activity consist in the creation of the GDD. These documents are 
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composed of the sheets created by Tiago Cardoso, so it’s extremely valuable to 
offer the user an accessible way to fill these out.  
The next stage is Development. This stage is composed of mainly coding 
and testing, and therefore doesn’t require much from a support perspective. 
Although when using the proposed model, it would be pleasant to be able to 
schedule appointment and afterwards be able to write down the Minutes of the 
Meeting. The ability to create and document tests is also extremely valuable. 
The final stage is Evaluation. In this stage, all the actions revolve around 
testing. To efficiently test some type of software, a couple of things are required. 
In this case, three essential actions are required: the ability to schedule and in-
vite individuals to perform the tests, the ability to generate forms and the ability 




From the previous section, it is possible to extract what is required for 




• Add Idea 
• View/Edit Idea 
• Add Appointment 
• Add Minutes of Meeting 
• View/Edit Minutes of Meeting 
Design 
• Create GDD 
• Add Prototype Content 
• Add Note 
• Add Appointment 
Development 
• Add Appointment 
• Add Minutes of Meeting 
• Add Test 
• View/Edit Test 
• View/Edit Minutes of Meeting 
Evaluation 
• Add Note 
• Generate Form 
• Add Appointment 





After collecting all the requirements, it is time to determine what function-
alities the GDSA needs to have to implement all those requirements. 
For the table presented on the sub section above, the following functionali-
ties emerged: 
• Logins – To deal with various users; 
• Save Data – To create and add Minutes of Meeting, Ideas, Notes, GDD 
and Prototype Content; 
• Read Data – To view and edit Minutes of Meeting, Ideas, Notes and 
GDD; 
• Calendar – To create and add Appointments; 
• Forms – To generate forms accessible from an external source. 
 
Logins 
Nowadays the ability to deal with different users and keep track of all 
them is a must. This happens for a multitude of reasons, for instance a user can 
have multiple devices and keep everything connected and updated or two users 
can use the same device. Forcing a user to choose only one device and to back-
up regularly is unthinkable in the current days. For this reason, it was decided 
that the GDSA should be able to run both online as offline, but store and man-
age all its activities online. After this decision, the following ones were obvious 
and its direct result.   
Since the OS was already decided, it made sense to make use of the online 
solutions provided by the creators of the OS, Google, especially developed for 
it. Therefore, each user is linked to a Google account. 
To login a user only has to insert its Google account credentials and accept 
all the permissions required to the GDSA run. All the remaining actions re-
quired to login are managed by Google’s API.  
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After the first login, the application stores the information about the user 
signaling that Google account as the default account, so the user doesn’t have to 
insert the Google account credentials every time the app is started. If for any 
reason, the user wants to swap account, the GDSA offers the option to log out 
and choose another account. A flowchart of this can be found in figure 4.2. 
 
Figure 4.2 - Flowchart of 1st login and remaining logins with already defaulted account 
The only two times the GDSA requires internet access is when the user 
swaps to a never used account or whose credentials aren’t stored in the device 
and when the application needs to sync with the Google account. The user is 
informed of these details in the first screen of the application. 
 
Save Data 
The ability to store data is crucial to the GDSA, without it wouldn’t be 




The data is stored using another of Google’s online solutions, the Google 
Drive. Since each user is linked to a Google’s account, it is fairly easy to access 
the Drive and directly store all the content that was created by the user through 
the GDSA. This way, after the creation or alteration of any content the applica-
tion uploads to the Drive, so that the user can remotely access everything from 
everywhere. One might think that, for this reason, the GDSA requires internet 
access at all times, but due to the fact that all Android devices come with 
Google’s Drive App pre-installed, the GDSA doesn’t require it, since every con-
tent created by the GDSA is stored directly in the Google’s Drive App folder, so 
that when the user finally has access to the internet, the Google Drive is updat-
ed with the new content. It is important to note that inside the Google Drive it’s 
created a new folder that refers exclusively to content created by the app and 
that this folder is only visible by the user, to keep the Drive clean and all docu-
mentation stored together. 
The GDSA can create and store two types of data: text documents and 
Jpeg photographs. A flowchart related to the storage of data is presented in the 
figure 4.3. 
Figure 4.3 - Flowchart of navigation through Design to save data (text and photo) 
The photographs are product of the Prototype activity inside the Design 
stage. The option of storing photographs as a product of this activity comes 
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from the lack of a better solution, since the other option was to force the user to 
use a complex, very limited and unintuitive interface to create sketches of a pro-
totype, something that can easily be achieved by using the super-tech solution 
of pen and paper whose result can also be easily stored through a simple pho-
tograph, since memory usage is not a problem when working in a cloud-based 
app. 
The other type of data are text documents, which are the Notes, the Ide-
as, the Minutes of Meeting and the GDD. Although, they all are stored in this 
simple format, their structure varies from document to document, which results 
in completely different documents, with different goals. To create different 
structures, the GDSA grabs information from a XML file that teaches it how to 
structure the text document, by adding and removing strings. An example re-
sult can be found in figure 4.4. The decision of using text documents emerged 
from the ease of working with them, unlike Word documents or Pdf docu-




Figure 4.4 – Example of a GDD generated by the GDSA – Art Section  
Read Data 
Another crucial functionality is the ability to read data, especially the da-
ta generated by this application in past situations. This gives the user the oppor-
tunity to review and reshape what was written, providing extreme agility, that 
is much needed in game development. 
Although the GDSA can create two types of data, it can only read one of 
those types, text documents. The reason for this, comes from the lack of need for 
reading photographs, as when consulting these, the user should want to do it in 
a relax and composed manner to carefully think what is the next step. 
Reading text documents is easy because it doesn’t require libraries, un-
like Pdf and Word documents. The difficulty lays in the presentation of all the 
information to the user. The reason for this is the number of different docu-
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ments that the GDSA allows to create, from the simplest note to the more com-
plex GDD. 
 
Figure 4.5 – Flowchart of navigation through the Planning stage to read data (Idea) 
So, the GDSA reads the document and presents it in the simplest way 
possible, showing the documents in a window as it is stored. From this win-
dow, the user can view, edit or increment any text file, generated by the GDSA, 
from notes to GDD’s. However, the user can also alter the structure of the file 
and for this reason, this must be done with care. A flowchart of the reading 
functionality can be found above in figure 4.5.  
Similarly, to the previous functionality, it isn’t necessary to have an in-
ternet connection to read documents, for the same reasons.  
 
Calendar 
Like the previous functionalities, the ability to interact with a calendar by 
scheduling events, allowing the user to organize its time is fundamental to the 
GDSA. 
Google also has a solution for this, Google Calendar. Just as every 
Google account is linked to a Google Drive, the same happens with Google Cal-
endar. The usage of Google Calendar is extremely valuable because it syncs 
with the calendar present on the device since they are essentially the same tool, 
due to both the OS and Calendar being developed by Google, as long the same 
account is logged inside the GDSA and the OS. 
Through the GDSA it’s possible to create events with multiple attendees 
as shown in the figure 4.6, that are visible by consulting the device calendar if 
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using the device default account or Google Calendar through the associated ac-
count. In addition to this, a reminder is created to alert the user twenty-four 
hours before the event starts, which is automatically sent under the form of a 
push notification, to the device logged in with that account. 
 
Figure 4.6 - Flowchart of navigation through Development to add an appointment 
When operating without internet connection, the GDSA behaves in a dif-
ferent manner warning the user, that without it, is unable to access the calendar 
and thus, perform any action relative to it. This happens because the Google 
Calendar App functions in a distinct way, when compared to the Google Drive 




The ability to generate forms is fundamental to the GDSA, due to the im-
portance of testing in game development. 
Unlike the other functionalities, Google doesn’t offer a complete solution, 
only a half-solution, the Google Forms. Although this solution is very similar to 
the previous ones, it is not prepared to deal with Android OS and therefore, no 
Android application can easily communicate directly with it. Luckily, the 
Google Forms is accessible through any browser.  
Just as every Google account is linked to a Google Drive or Google Cal-
endar, the same happens with Google Forms. The Google Forms allows for us-
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ers to create their forms while also providing a platform to deliver the form and 
process its results. 
In order to the GDSA to interact with Google Forms, it prompts the 
browser to open a window on its website as presented in figure 4.7. In this win-
dow, the user is able to manage all the forms ever created by its account, create 
new forms from scratch and see the results from each form. 
 
Figure 4.7 - Flowchart of navigation through the Evaluation stage to generate a form 
Since this functionality is dependent of the browser, it requires Internet 




In this section, the two games will be presented and discussed. The details 
of their development will also be examined, by following their progress 
throughout the model with the aid of their developers and documentation cre-
ated during this process. This documentation is a direct result of implementing 
the proposed model, and are a product of the supervision allowed by it, since 
they were created during and after the various meetups of the DGDM. These 
documents not only supported the development of the DGDM but also help to 
validate the proposed model. The reason for this comes from the fact that both 
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games were developed at the same time as the DGDM, therefore, its develop-
ment was influenced by this model as vice-versa. 
The first game developed using this model is called “Bê-à-Bá”, a game 
aimed at aiding in the early stage of learning how to read, for children between 
3 and 6 years of age.  
The second game developed using this model is called “Falar Pelos Co-
tovelos”, a game aimed at children from 2 to 5 years old, who struggle to say a 
few words, often because they don’t know its meaning (semantics), leading to 
difficulties in socialization. These difficulties are usually associated with dis-
turbances in the development, commonly called as autism, and must be tackled 
early to mitigate its effects. 
 
4.3.1 “Bê-à-Bá” 
“Bê-à-Bá” was developed by Leonardo Espada[29], with the participation 
of “Centro Diferenças - Centro de Desenvolvimento Infantil” - a Portuguese 
leading child-care center, during this academic year. As previously described, 
this game aims at aiding in the early stage of learning how to read, for children 
between 3 and 6 years of age. The development of the proposed model was ac-
companied by the development of “Bê-à-Bá”, leading to each decision made 
towards the DGDM being instantly tested and verified by its implementation 
within the development of “Bê-à-Bá”. 
That being said, “Bê-à-Bá” went through the five stages of the Digital 
Games’ Development Model: 
• Planning,  
• Design,  
• Development,  
• Evaluation,  
• Deployment. 
As previously mentioned, the Planning stage consists of three activities, 
Brainstorming, Meetup and Set-Up.   
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The Brainstorming activity provided promising ideas but raised the con-
cern that the market could be saturated, due to the vast variety of games al-
ready available. 
This concern was quickly forgotten when during the Meetup activity, the 
doctors from Centro Diferenças promptly explained their ideas and visions. The 
game envisioned was extremely focused in teaching how to read through spe-
cific techniques already widely used within Centro Diferenças. Although the 
game was focused, there was still room to implement extra features, so from the 
previous activity, some small ideas where selected to be implemented within 
the game. This way, the game would find its place in the market by targeting a 
specific niche, that implemented the same techniques as the institution, but with 
this features a wide enough niche to be viable outside of the institution.  
The clear ideas from Centro Diferenças made the last activity from the 
Planning stage, Set-Up, very straightforward, resulting in a fast activity and in 
a simple, straightforward plan.   
Summing up, the three activities in the Planning stage drafted enjoyable 
game, that tried to teach children reading techniques through simple play me-
chanics direct to the point. 
The next stage, Design, had its life easy, since the ideas obtained from 
Centro Diferenças were so clear and simple. The first of the three activities that 
forms this stage is the Appointment activity. In the “Bê-à-Bá” case, this activity 
was short, due to the lack of time from both student and institution, but none-
theless the institution introduced its installations, resources and members, giv-
ing the chance to gather most of the relevant information to continue the devel-
opment process.  
The second activity was Prototyping, which, due to the clear visions of the 
doctors, was promptly and swiftly done with only one or two minor difficulties.  
The final activity was the Re-evaluation activity. This activity started by 
filling out the GDD’s, which highlighted some weak spots in the design. 
Through the GDD’s and the Prototype, it was possible to detect some lack of 
meaning within the game, since the player was poorly rewarded for performing 
well.  These soft spots were verified by the institution, however the decision 
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was to continue the development and keep special attention to these weakness-
es, because the game still did its main job, of teaching how to read, well. 
Entering in the Development stage, exceptional care was given to the 
weakness previously pointed out. During each iteration, particularly on inspec-
tions with Centro Diferenças, these weak spots were discussed and analyzed. 
Each time these would grow increasingly worrying, posing a negative trend.  
The following stage was Evaluation, and the decision was to thoroughly 
test the game during the first two phases and determine if the game was ready 
for the next phase. By the end of the two phases, it was obvious the need to re-
structure the game and deal with its soft spots. 
Therefore, the game went through another Design, Development and 
Evaluation stages. Thanks to the GDD’s and prototype during the Design 
stage, the inspections during the Development stage and the two first phases of 
the Evaluation stage, the problem with the game was completely identified, 
making the new rundown of these stages easier. 
The returning to the Design stage, meant that not everything had to be re-
done, in this case, only certain aspects had to be re-imagined. Since the problem 
laid in a design aspect and not in any limitation associated with resources or 
installations, the Appointment activity morphed into a more discussion cen-
tered activity, in other words a meetup. From this, came the idea to add more 
depth to the game, by adding extra features that would provide an increase 
positive feedback when the player performed well. Moving on to the Prototype 
activity, a new feature began to taken form. This feature would be an external 
element of the game that allowed the player to unlock content by beating new 
levels of difficulty with a certain degree of proficiency, the higher the proficien-
cy the better content was unlocked. This way, the player would get an incentive 
to play without being private of improving, a “two birds for one stone” situa-
tion. Reaching the Re-evaluation activity, the game seemed and felt like a dif-
ferent game, and the new game was approved by both professor as institution 
and the GDD were updated. 
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 On the next stage, Development, a couple of iterations were required to 
fully implement this feature, due to its sheer complexity. In the last iteration, 
the game had a new touch to it and was ready to be evaluated on the next stage. 
During the next stage, Evaluation, the game aced both two phases. Leav-
ing for last the third phase as a final seal of approval, before deploying the 
game.  
In the last phase, several tests were performed with individuals that fit the 
target audience. These tests took place during some of the sessions with these 
same individuals. The results of these tests are sent directly into an email ad-
dress which stores all the information regarding the player, the answers, the 
questions, the success ratio and to which stage, phase, level and sub-level those 
stats correspond to. By storing this information in an email address, all this data 
is online and accessible by everyone, everywhere with the email account details 
and more specifically the institution. 
After analyzing the results, one session with one particular subject stood 
out. This session focused on one stage of the game, with ten different levels, 
each with three separate phases. From this session, the tables 4.2 to 4.6 emerged. 
These tables illustrate all the levels where the subject made mistakes.  
 
Table 4.2 – Results from level 0 
Phase Level Animal Expected Answer 
1 0 Sapo s s 
1 0 Sapo a a 
1 0 Sapo p p 
1 0 Sapo o o 
2 0 Sapo sa sa 
2 0 Sapo po po 
3 0 Sapo s s 
3 0 Sapo a a 
3 0 Sapo p o 
3 0 Sapo p p 







Table 4.3 – Results from level 1 Table 4.4 – Results from level 3 
Phase Level Animal Expected Answer 
 
Phase Level Animal Expected Answer 
1 1 Javali j j 1 3 bode b b 
1 1 Javali a a 1 3 bode o o 
1 1 Javali v v 1 3 bode d e 
1 1 Javali a l 1 3 bode d e 
1 1 Javali a a 1 3 bode d d 
1 1 Javali l l 1 3 bode e e 
1 1 Javali i i 2 3 bode bo bo 
2 1 Javali ja ja 2 3 bode de de 
2 1 Javali va va 3 3 bode b b 
2 1 Javali li li 3 3 bode o o 
3 1 Javali j j 3 3 bode d d 
3 1 Javali a a 3 3 bode e e 
3 1 Javali v v 
 
3 1 Javali a a 
3 1 Javali l l 
3 1 Javali i i 
 
 
Table 4.5 – Results from level 7  Table 4.6 – Results from level 9 
Phase Level Animal Expected Answer Phase Level Animal Expected Answer 
1 7 Mula m m 1 9 búfalo b b 
1 7 Mula u u 1 9 búfalo ú ú 
1 7 mula l l 1 9 búfalo f f 
1 7 mula a a 1 9 búfalo a a 
2 7 mula mu mu 1 9 búfalo l l 
2 7 mula la la 1 9 búfalo o o 
3 7 mula m m 2 9 búfalo bú bú 
3 7 mula u l 2 9 búfalo fa fa 
3 7 mula u l 2 9 búfalo lo lo 
3 7 mula u l 3 9 búfalo b b 
3 7 mula u u 3 9 búfalo ú ú 
3 7 mula l a 3 9 búfalo f f 
3 7 mula l l 3 9 búfalo a a 
3 7 mula a a 3 9 búfalo l o 
 3 9 búfalo l l 




From these results, it’s possible to take some conclusions. Starting from the 
number of tables presented is clear that the subject, made mistakes in 5 of the 10 
levels, therefore obtaining a ratio of 50%. This fact suggests the game is well de-
signed as the balance is as good it can get.  
To further confirm this, an analysis to each phase was performed, culmi-
nating in figure 4.8. 
From this figure, it is easily observed that the phase that causes the most 
trouble is the last phase, corresponding to 67% of the total errors. This lines up 
with the expected, as phases 1 and 3 are considered harder by tackling the task 
of spelling with and without entropy elements, while phase 2 only deals with 
syllables. 
 
Figure 4.8 – Percentage of Errors per Phase 
Lastly, from the tables it is also possible to gather other type of infor-
mation. This is true not only for this subject but for all subjects, as this infor-
mation is stored inside an email account as previously stated. The level with the 
highest numbers of errors, the type/characteristics of words that cause the most 
problems or misunderstood letters/syllables are examples of other useful in-
formation easily obtained via the game. In this case, the subject reveals prob-
lems with the word “mula”. 
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These results confirm the game performs as designed and the main goal is 
reached of aiding in challenging task of the teaching of how to read, leaving one 
last stage to be performed, Deployment. 
After verifying the game performs well, it was deployed to the institution 
under the physic form of a flash drive with a apk file, installable in Android de-
vices. But this is not the only way the game was deployed, as it is currently 
available in the STB official website (http://stb.uninova.pt), under the section 
attributed to the “Bê-à-Bá” project. In addition to this, the game is close to be 
deployed into the Google Play Store, to insure the game the maximum reach 
possible. 
 
4.3.2 “Falar Pelos Cotovelos” 
“Falar pelos Cotovelos” was developed by Pedro Leandro[30], with the 
participation of “Centro Diferenças - Centro de Desenvolvimento Infantil” - a 
Portuguese leading child-care center, during this academic year, similarly with 
“Bê-à-Bá”. This game aims at children with disturbances in their development, 
visible by their difficulty with words, mostly with their semantic. Since their 
difficulties are visible, “Falar Pelos Cotovelos” tackles these same problems 
through what makes them visible, words. Just like the game previously de-
scribed, “Falar Pelos Cotovelos” was also developed in conjunction with the 
proposed model, therefore, each decision made towards the DGDM was in-
stantly tested and verified by its implementation within the development of 
“Falar Pelos Cotovelos”. 
“Falar Pelos Cotovelos” also went through the five stages of the Digital 








The Planning stage consists of three separate activities. On the Brain-
storming activity, lots of ideas emerged but just like the “Bê-à-Bá” game, the 
market seemed saturated which raised some concerns.  
These concerns were wiped away during the Meetup activity, due to the 
visions, hopes and ideas provided by the doctors from Centro Diferenças. The 
vision for the game was crystal clear, it would be a simple, straightforward 
game, implementing specific techniques used in Centro Diferenças during the 
treatments and appointments.  Contrary to the other game, there was no room 
for extra features, due to the target audience. Children with autism see the 
world differently, having huge trouble with the most basic of task, often due to 
lack concentration and focus. Developing a game for these children meant that 
the game would inherit some limitations, due to their condition. This fact was 
heavily emphasized and for this reason, the indications, ideas and vision of the 
doctors from Centro Diferenças were followed almost to the tiniest detail.  
On the last activity of the Planning stage, Set-Up, no difficulties were 
found, leading to the creating of a simple clear-cut plan, mostly because so 
much work was done on the previous activity by Centro Diferenças.  
Moving on to the next stage, Design, almost no difficulties were found, in 
part due to most of the path being already set by Centro Diferenças. During the 
Appointment activity, the first of the three activities that form this stage, a lot of 
information was gathered from both the institution and the target audience, 
thanks to the opportunity to know and somewhat follow children that would 
profit from the use of this game. From this activity, one particular detail 
emerged has extremely interesting, the existence of one game which was al-
ready being tested in the sessions but due to its high price and complexity in 
certain aspects, it didn’t fulfill all the requirements and therefore, was ineffi-
cient.  
The Prototyping activity is the second activity of this stage. This activity 
had most of the work already done by Centro Diferenças, due to how clear the 
ideas and visions were when presented on the Meetup activity of the previous 
stage. Leaving only room for documenting, sketching a few resources and fill-
ing the gaps. After terminating this activity, the only thing left to do in this 
stage, was the Re-evaluation activity, consisting in the generation of the GDD’s 
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and the presentation of these and the prototype to the professor and Centro 
Diferenças.  
By the end of this activity, all the parties involved showed elevated levels 
of motivation and excitement when faced with the prospects of this game and 
how well the entire process was being unfold. 
Reaching the Development stage with this level of enthusiasm was an ex-
tra push, but still several iterations were needed to fully code the game as ex-
pected. 
The following stage was the Evaluation stage. All the enthusiasm involv-
ing the game was justified in this stage. The game passed all three phases with 
flying colors, due to its clear design and objective focus.  
Focusing on the last phase, several tests were made with individuals with-
in the desired target audience. These tests involved many sessions, with three 
different individuals. From the results of these tests, it’s possible to draw some 
conclusions about the success of the game. These results were gathered from a 
file, created while the individual was playing the game. This file contained in-
formation about the time spent to answer the question, what were the answers 
and actions performed, what was the question and difficulty and which indi-
vidual was playing. It’s important to note that this file is constantly updated so 
that this data is available to the institution. 
From the analysis of the results, five tables were created which then, origi-
nated a success ratio graphic and two comparison graphics. By using these re-
sources a few conclusions were made. 
The success ratio graphic is presented below, on the figure 4.9. This 
graphic was created with the help of three tables representing performance of 




Figure 4.9 - Success ration graphic of the three subjects within the same difficulty level 
It is easily verified that the ratio is positive, with 56.25% correct answers 
against 43.75% wrong answers. Being the lowest difficulty level means, it’s im-
portant that the success rate is positive by a certain margin, but not that easy 
that would lead to a lack of interest from the players. From this figure, it’s con-
firmed that the game lowest difficulty is suitable for its target audience.  
In addition to the previous graphic, one more were created, presented in 
figure 4.10. The graphic was created from the data presented on tables 4.7 and 
4.8. This data was gathered from two sessions of two separate individual which 










Table 4.7 - Results obtained by Subject 3 in Difficulty 1 Location Section 
LEVEL QUESTION ANSWERS TIME (seconds) 
1 BELOW BELOW 4.954 
2 UP INSIDE 6.327 
2 UP SIDEWAYS 3.534 
2 UP INSIDE 5.833 
2 UP INSIDE 2.701 
2 UP INSIDE 2.9 
2 UP INSIDE 3.1 
2 UP INSIDE 2.033 
2 UP INSIDE 2.4 
2 UP INSIDE 2.3 
2 UP SIDEWAYS 5.034 
2 UP UP 2.3 
3 SIDEWAYS SIDEWAYS 10.254 
4 INSIDE INSIDE 7.387 
5 UP UP 5.987 
6 SIDEWAYS UP 5.753 
6 SIDEWAYS SIDEWAYS 3.1 




Table 4.8 - Results obtained by Subject 2 in Difficulty 1 Location Section 
LEVEL QUESTION ANSWERS TIME (seconds) 
1 UP SIDE 15.086 
1 UP SIDE 2.934 
1 UP SIDE 1.566 
1 UP UP 2.467 
2 DOWN INSIDE 7.719 
2 DOWN DOWN 2.8 
3 UP DOWN 5.554 
3 UP INSIDE 5.633 
3 UP INSIDE 5.167 
3 UP UP 3.838 
4 SIDE SIDE 5.587 
5 UP UP 5.153 
6 DOWN DOWN 16.32 




From the tables 4.7 and 4.8, some observations can be made. Firstly, the 
Subject 2 took more time than Subject 3 to conclude the stage but needed less 
tries. This fact leads to figure 4.10. 
 
Figure 4.10 - Average Response Times of Subject 2 and 3 
In figure 4.10, it’s showcased the average response times for both players. 
As previously concluded the average response time is higher for Subject 2 since 
more time was spent while providing less answers. This can hint to some prob-
lems in the implementation of the game but after a close analysis to both tables, 
it’s clear that the problem lays elsewhere. From table 4.7 it’s obvious that Sub-
ject 3 has a misconception with the word “UP”, leading to multiple incorrect 
answers since all the answers were given in a reasonable amount of time (over 2 
seconds), meaning they weren’t the product of a random try, without any 
thought or reason.  
One important detail to mention, is the fact that from the tables created 
from the file, it’s possible to determine which elements cause the most problems 
to the player. This type of information about the player is extremely valuable 
for the therapists and doctors. As previously stated this information is all stored 
inside a file so that it can be obtained by these same therapists and doctors. 
In short, the results were excellent, proving the game is well designed, as 
the ratios are positive and the players remain interested during the play session. 
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In addition, the game provides relevant and crucial information for the thera-
pists and doctors. 
Besides providing excellent results, it also contributed with one of the 
most unique, special and enriching experiences. It happened during the last 
phase of the Evaluation stage, due to one of the purest reactions expressed by 
one of the children that tested the game. This child smiled and laughed exten-
sively when performing well in-game and felt every failure just as passionately. 
This event happened numerous times, leaving a feeling of joy to fill the room, 
and showing how successful the game really was. 
 After verifying the game performs well, it was deployed to the institution 
under the physic form of a flash drive with a apk file, installable in Android de-
vices and by their installation in some of their tablets/smart devices. Similarly 
to the “Bê-à-Bá”game, this game also is available in the official website 
(http://stb.uninova.pt), under the section attributed to the “Falar Pelos Cotove-
los” project and its deployment to the Google Play Store is also in the works, to 




All the effort put into developing and creating this model would be in 
vain, if the main target developers would not put it into practice. For this rea-
son, understanding what these developers think of the DGDM is crucial to in-
sure the continuation and implementation of this model. If the DGDM isn’t well 
received it won’t be put into practice and therefore, has virtually no value. 
The solution found to assess this issue was to develop a quiz. The ques-
tions within this quiz aimed at knowing what was the overall opinion on the 
model and which could be the vulnerabilities of model. 
After the development, the quiz was presented to the developers. In this 
case, the developers, the main targets of these model, are the all members of the 
STB initiative. Almost all members of the STB were subject to this quiz, at a total 
of 7 persons, this way the quiz approached various members, in distinct stages 
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of their project development, both at the beginning and end, therefore, reflect-
ing the opinion of developers in the both ends of the spectrum, unexperienced 
and veterans, as well as, gathering the most answers possible. Before presenting 
the quiz, the DGDM was explained in detail in a ten to twenty minutes session, 
to guaranty that all members were aware and reminded of all the intricacies of 
the model. 
The quiz is composed of four main questions, one sub-question and one 
suggestions section. The reason for the existence of a suggestions section is 
clear, however the same doesn’t apply to the sub-question. From the answers 
gathered from the quiz, the following four charts were created.  
 
Figure 4.11 - Answers gathered from the first main question of the quiz 
In the figure 4.11, presented above it’s possible to see both the question as 
the answers gathered. The subjects were asked to rate with a maximum of 5 
values and a minimum of 1 value, how easy they think it is to understand, im-
plement and follow the DGDM, the higher the rating the easiest it would be. 
From the figure is also possible to conclude that it is regarded as easy to under-
stand, implement and follow but not too easy so that it can be used without 
concerns, laying in the balance as desired. 
The results obtained for the second question are presented in the figure 
4.12. This time, the subjects were asked how willing they were to follow the 
model, being the maximum value of 5, absolutely willingly and 1 the minimum 
value, never willingly. As observed in the figure, the results were split into the 
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two top values, which suggests that the DGDM is seen as an asset but it can still 
be improved upon.  
 
Figure 4.12 – Answers gathered from the second main question of the quiz 
The third question of the quiz is accompanied by a sub-question. This sub-
question is a result of a positive answer to this third main question and aims at 
grasping a better understanding of the decisions that led to this positive answer. 
The main question in cause is “Would you change/add any stage or activity?”. 
If a positive answer is received the subject is asked to follow-up on that answer 
through the sub-question, by providing information why and how it would 
proceed. From the results to the third question, showed in the figure 4.13 below, 
it’s possible to verify that this sub-question proved futile as no positive answer 
was given. The absence of positive results, in addition to the results obtained in 
the previous question, leads to the conclusions that either the minor 
improvements that can potentially be performed to the model, aren’t simple 
and/or of immediate implementation, thus requiring a more indepth study or 
that there aren’t any improvements to be made. Both conclusions imply that the 




Figure 4.13 - Answers gathered from the third main question of the quiz 
Finally, the results of the last question can be observed in the final figure 
4.14. The last question approached the subjects, in order to obtain a rating for 
the DGDM. From the results gathered, it’s clear that it is seen with great value 
since most answers are on the two highest rating values, further confirming the 
results obtained to the previous question. Similarly, to the previous question it’s 
also possible to verify that there might be some minor improvements left to per-
form, due to the most frequent answer being the rating 4 and not the highest 
value. 
 
Figure 4.14 - Answers gathered from the forth main question of the quiz 
The last section of the quiz was a suggestion box that provided almost no 
results, only one answer. The suggestion was the development of a manual or 
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some guidelines for the development. These would be very generic as to serve 
the purpose of reminders of good practices and some band aids for each activi-
ty. This suggestion has immense value, as it could be the remaining factor to 
push the DGDM forward.  
The analysis of this quiz and its results, leads to the conclusion, that the 
main targets of this model, the developers within the STB initiative regard the 
DGDM as an asset, to be implemented willingly, that will help in the develop-
ment of games, but further study of the model, only achievable from its imple-






The development of this project allowed the observation of how scarce the 
usage of digital games towards social causes is. The huge industry developers 
focus only in developing digital games for entertainment purposes, leaving on-
ly a few to develop games for more social causes. This brands a bad image for 
digital games, in the scientific community eyes, which by consequence creates a 
lack of development and knowledge within this area of expertise. This lack of 
content was the first experienced difficulty during the project. The rarity of sim-
ilar models for game development meant that the research approach had to 
change radically to focus on a more developed but similar area of expertise. 
This similar area offered immense contributions, due to its advanced develop-
ment and great background, leading to the incorporation of multiple solutions 
into the proposed model. 
Another difficulty was the conciliation of all the limitations, from both in-
stitutions and students. The model needed to be fast, simple and efficient, but 
also detailed, agile and flexible. Finding the balance required multiple versions 
of the model and the selection of which activities were core and indispensable. 
The developed model (DGDM) impacts positively the development of dig-
ital games towards social causes, providing the project managers and develop-
ers a useful tool under the form of a model, which leads the development away 











fered a guiding hand which prevents bad practices, promotes the development 
of meaningful games and provides solutions to avoid hitting a full stop in the 
development. 
The development of a support application greatly increased the potential 
of the DGDM. The Game Development Support App facilitates the develop-
ment of digital games, while diminishing the difficulty of implementing and 
following the model, by providing tools to ease up two of the most important 
characteristics of developed model, documentation and supervision. The devel-
opment of the GDSA didn’t pose much trouble overall, being the only difficul-
ties worth noting, the struggle with authenticating the user into the Google API 
and the lack of design ideas for a friendly and intuitive user-interface. 
Finally, the objectives set in chapter 3 were achieved. However, this wasn’t 
done effortless as some concessions have been made. For example, to allow su-
pervision and insurances the model required vast amounts of documentation. 
This is costly in terms of time and resources, while also being a burden to de-
velopers and supervisors, which could be solved by developing standardized 
resources to aid in its supervision but this adds layers of complexity to the 
model, breaking another of the DGDM’s requirements. The result of this con-
cessions is visible through the quiz, which hints into the need for a few adjust-
ments depending on the project in hands and its developers, some might re-
quire a stronger component while others don’t. Overall, the proposed model 
successfully achieves its goals. 
5.2. Contributions 
Firstly, I would like to point out all the contributions given by Centro 
Diferenças towards the development of both “Bê-à-Bá” and “Falar Pelos Co-
tovelos”. 
Secondly, this dissertation is also accompanied by a scientific article called 
“Digital Games’ Development Model”[31], published in European Alliance for 
Innovation Endorsed Transactions on Serious Games journal. 
Finally, this document is complemented by a user guide[32], containing 
direct guidelines and suggestions on how to follow, implement and apply the 
DGDM to further success. 
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5.3. Future Works 
As pointed out in the 5.1 section, it’s possible to improve both the model 
as the application in several aspects with multiple goals. 
Starting with DGDM, a multitude of improvements can be made. The cre-
ation of resources targeting developers with information, guidelines and sug-
gestions regarding each of the stages and activity would be a great asset for 
both the STB initiative as well as the model itself. Since the developers would 
gain a valuable tool from which they could get the necessary support, learn 
more about the model, clarify some doubts and even share/trade experiences 
contributing to both the STB initiative and the model. This resource could be 
shared between model and application, due to their clear relation. For instance, 
it could take the form of an official website or forum or PowerPoint presenta-
tion, or something more physical like flyers or posters. An early version of this 
resource was made, as previously stated but a lot of improvements can still be 
made. 
In addition to the improvement already stated, a detailed study about 
marketing, online business models and deployment tools would also contribute 
plenty, particularly for the deployment stage of the DGDM. From the study, it 
would be possible to extract recommendations for the developer, regarding 
how to market the game as well as how to deploy and where. These recom-
mendations would be an asset not only for the STB initiative but also for devel-
opers outside of this initiative. 
Similarly, to the previous suggestion, the creation/research of several 
guidelines for some of the activities or stages within the model, would also be 
very benefic.  
Moving on to the application, several improvements can also be per-
formed. The development of an iOS counter-part of the already existing An-
droid application would increase the amount of people that could profit from 
the application. 
An improvement can also be made in the overall presentation of the game, 
turning it more appealing and intuitive to use. 
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Lastly, the number of options provided to the user is very limited, regard-
ing which tools to use within the application. What this means is that the user is 
forced to use both the Google Account, Drive and Calendar. This can be a big 
turndown when a user doesn’t have access or simply prefers to use similar 
tools. Allowing the user to choose which tools they want to work with would be 
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